Abstract -Crack formation during exploitation considerably decreases durability of concrete structures. Capillary hydro insulation is an integral crystalline waterproofing system ensuing filling of micro cracks, pores and capillaries with an insoluble crystalline formation. In order to evaluate self-healing effect of this system, fiber concrete beams were initially pre-cracked, then treated with capillary insulation and repeatedly tested under bending. Water permeability and frost resistance tests were also realized in order to evaluate long-term performance of the capillary insulation.
I. INTRODUCTION
Concrete is a basic construction material used for construction of modern residential and industrial buildings, as well as for hydro-technical structures, bridges, tunnels and other important objects. General advantages of concrete are massiveness, fire resistance, high compressive strength and possibility to use local raw materials and industrial byproducts for its fabrication. At the same time, negative properties of concrete, such as brittleness, shrinkage during maturing, low tensile strength and low ductility cause cracking of concrete structures during exploitation. Surface and internal cracks increase the risk of water and aggressive chemicals ingress into the concrete body, as a result, degradation processes of concrete structures are considerably accelerating. It is can be mentioned that the cost of repair works could take up to 50 % to 150 % from the initial cost of the structure.
Thus, the task of creating durable structures is associated with limiting the risk of cracking and providing structural impermeability. Concrete thermal and shrinkage deformations, chemical attack, freezing-thawing cycles [1] - [3] , deformations of basements, etc. are the main reasons of cracks. Shrinkage is a characteristic property of cement based composites [2] , [4] . Concrete is a composite material containing cement matrix and aggregate particles. It is proved theoretically and experimentally that shrinkage of cement matrix causes formation of a system of micro and macro cracks around fibers and aggregate particles [2] , [5] . One of the ways to protect concrete constructions against environmental impact is creating surface insulation membrane, which can be based on bitumen, polymer cement or polyurethane. Practical experience shows that traditional surface membranes are subject to ageing and may locally mechanically deteriorate.
Another solution is producing initially impermeable structure and developing the capacity for crack prevention and localization during exploitation. Self-healing materials can be defined as a class of smart materials that have a structurally incorporated ability to repair damage caused by exploitation. The first studies concerning self-healing systems in polymer materials were conducted in 1960 th [5] . Usually self-healing effect in concrete is associated with crack closing ability. Nowadays, there are different approaches to achieving crack repair effect, such as crack filling with polymers, salt crystallization from chemical solution or bacteria-based selfhealing effect. Comprehensive reviews of self-healing technologies for cementitious materials are summarized in [6] - [8] . Autogenous healing of concrete is induced by intrinsic factors dependent on the composition of the cementitious matrix. Autogenous repair of cracks may be attributed to two mechanisms: hydration of unreacted cement particles and dissolution and subsequent carbonation of calcium hydroxide (product of cement hydration) Ca(OH)2 [8] . It has been proved that processes of autogenous healing can be improved in the presence of water [8] .
Use of microcapsules containing sealing compounds is an innovative method of self-healing micro defects in concrete elements. Guerrero et al. applied silica microcapsules filled with epoxy resin and nanosilica functionalized with amine groups for self-healing effect in ultra-high performance concrete during freezing-thawing cycles [9] .
Prospective way for creating smart concrete and achieving self-healing effect is the use of active capillary insulation, which ensures the ability of concrete to join micro-cracks. The effect of active capillary insulation technology is based on concrete porosity and permeability. Water serves as a "transport mechanism" by means of which active chemical elements are moved into concrete pores and network of microcracks. As a result, cracks and pores are filled and crack flanks are joined with insoluble crystalline formulations [10] . Aniskevich et al. investigated the possibility of creating selfhealing laminated composites on the basis of macro-vascular system [11] . Effectiveness of self-healing properties was evaluated by fabrication of laminate specimens and carrying out flexure tests. 18 Different polymeric and steel fibers are used to improve concrete crack resistance. Effectiveness of polymeric fibers for self-healing properties is shown in the work [12] .
Steel fiber reinforced concrete (SFRC) is a popular material nowadays. Higher tensile strength, ductility and resistance against crack formation are the main advantages of SFRS compared to traditional plain concrete [13] - [17] . The present study proposes combined use of steel fibers and capillary insulation admixtures to achieve self-healing effect and ensure possible improvement of concrete durability.
The aim of this study is to evaluate crack repair effect of capillary insulation by testing bending behavior of concrete beams and checking water permeability of cubic samples.
II. MATERIALS AND METHODS

A. Materials and Mix Design
Experimental part of this study was done using typical finegrain fiber concrete mix composition produced from local raw materials. Standard Portland cement CEM I 42.5 N was used as a binding agent, dolomite powder and silica fume microfillers were used to provide satisfactory workability to the mix and dense microstructure of the hardened concrete. Two types of sand and crushed granite were used as fine and coarse aggregates for concrete mixes. Capillary insulation material Penetron Admix was used as an admixture in concrete mix, material Penetron was applied for surface coating. Penetron admix is a powder and it was added to the concrete during mixing. This material should be dispersed homogenously throughout the mix. In accordance with producer's information, active components of the Penetron admix react with water and mineral components of the cement paste to form insoluble products, which fill cracks, pores and voids up to a width of 400 microns (0.4 mm). In accordance with producer's information, dense microstructure of cement matrix restricts penetration of harmful chemicals in the concrete, however, air can still pass, allowing the concrete to breathe. In the absence of further moisture, the Penetron admix components lie dormant. Should moisture reoccur at any time, the sealing process resumes automatically, providing a self-healing effect.
Material Penetron is applied as covering for concrete surface. Powder was mixed with water (obtaining homogenous slurry) and was painted on the concrete surface. Active components of Penetron penetrate the concrete structure when moisture conditions are provided (Fig. 1) . The mechanism of reactions and self-healing effect is the same as in case of using the Penetron admix.
In the framework of the experimental part, four mixes of steel fiber reinforced concrete (SFRC) were produced. Proportions of mix compositions in the mixes are summarized in Table I . Samples with dimensions 10 cm × 10 cm × 40 cm were produced for bending test and sample cubes 10 cm × 10 cm × 10 cm -for compressive strength evaluation and water penetration test. Samples were cured in normal conditions (+20 °C in humid environment) and tested at the age >28 days. 
B. Testing Methods
Bending test was performed for the samples, beams 100 mm × 100 mm × 400 mm, using 4-point bending scheme. Distance between bottom supports L o was 300 mm, distance between upper force applying points was 100 mm. Samples were loaded with constant load rate 150 N/s. Load F and deflection in the middle point of the prism were experimentally measured and digitally controlled and recorded. Initial test was performed till the first crack appeared, allowing a crack opening of not more than 0.2 mm (visually controlled).
After initial bending test, MIX3 samples were painted with Penetron composition and all samples were repeatedly stored in water for 12 days.
Bending strength was calculated using formula:
), where: B and H are width and high of cross section area of the tested beams (B = 100 mm, H = 100 mm).
Each sample was tested by bending repeatedly. Secondary bending tests were carried out until each specimen crack opening reached more than 6 mm and load-deflection curves were obtained and recorded.
Compression strength was tested in accordance with EN 12390-3. Water permeability test was performed by applying water pressure of 0.5 MPa in one side of cube. Sample was split after 72 hours of water pressure and depth of Construction Science _______________________________________________________________________________________________ 2016/18 19 water penetration was determined (in accordance with EN 12390-8).
III. RESULTS AND DISCUSSIONS
Four experimental mixes of SFRC were produced and tested. Two types of mix granulometry were designed: MIX1 and MIX2 are based on granite break stone 1/8 mm, but MIX3 and MIX4 -6/8 mm. MIX1 is the reference composition without hydro insulating admixture, but MIX2 and MIX4 contain hydro insulating admixture Penetron Admix in the amount of 4 kg/m 3 . Samples made out of MIX3 fiberconcrete were covered with penetrating hydro insulation Penetron.
C. Compressive Strength and Density
Results of compressive strength and density tests are summarized in Table II . Five cubic samples of each mix were fabricated and tested. Comparing averaged data (Table II) it may be concluded that hydro insulating admixture does not change concrete density, but considerably improves the compressive strength. Increase of the compressive strength is 47 % for MIX2 compared to MIX1 and 27 % for MIX4 compared to MIX3. The mechanism of improving compressive strength can be explained by salts crystallization and denser microstructure formation in cement matrix in case of using a hydro insulating admixture. 
D. Initial and Secondary Bending Test Results
The aim of initial bending loading is to induce initial cracks in the tensile area of beams. Initial bending loading of prismatic samples was performed in the linear part of the bending curve. Bending curves are shown in Fig. 3-6 . The process of loading was stopped when the first crack opening reached not more than 0.9 mm. The importance of crack opening measurement and analysis of fiber pull out channel in fiberconcrete should be emphasized [18] . In this case crack opening analysis was made using optical lenticular gauge (Fig. 2) .
Average values of crack openings are summarized in Table III . The first mix (the reference mix) demonstrates the lowest first step loading maximal bending force (26.76 kN), which corresponds to macro crack formation (0.71 mm). Other compositions that contained hydro insulating admixture (MIX2, MIX3 and MIX4) present higher maximal forces up to 28 %, 12 % and 10 %, correspondingly. 
E. Secondary Bending Test Results and Analysis of Results
It is worth mentioning that under constant load rate sample loading regime, it is not possible to precisely manage macro crack formation and opening process, evaluating crack opening visually. Results of the secondary bending test after initial crack formation are presented in the same graphs ( Fig. 3-6 ). Averaged (over three samples) curves for first loading (left) and secondary loading are presented in Fig. 7 .
The lowest values of secondary test bending force (11.1 kN) correspond to reference MIX1 without admixtures. All mixes containing hydro insulating admixture show considerably higher secondary loading curves. In accordance with Table III , improved effects of 89 %, 38 % and 41 % are achieved for MIX2, MIX3 and MIX4, correspondingly. It should be noted that samples from MIX3 (covered with Penetron admixture) demonstrated highest dispersion of secondary test results (averaged squared deviation 6.58 kN). It can be explained by dissimilar penetration of the covered insulation into the structure of fiberconcrete. 
F. Water Penetration
Results of water penetration after applying water pressure 0.5 MPa during 72 hours are summarized in Table IV, MIX1 is FRC without hydro insulating admixture, MIX2 and MIX4 contain admixture Penetron Admix, but MIX3 is covered with Penetron slurry and then cured in moisture conditions. The obtained results show considerable reduction of of water penetration in concrete with hydro insulating admixture (10 mm to 12 mm, comparing to 40 mm for the reference MIX1), see Fig. 8 . The effect of densifying concrete micro structure is visible both in the case of admixture (MIX2 and MIX4) and in the case of penetrating from surface (MIX3). 
IV. CONCLUSION
Application of self-healing technologies is a promising way to eliminate crack formation and to improve durability and long-term mechanical properties of concrete.
In the framework of experimental part, reference fiberconcrete samples, as well as samples with penetrating hydro insulating admixture have been produced. It has been found that hydro insulating admixture does not change concrete density, at the same time, it considerably increases the compressive strength (up to 47 %). Bending experiments of fiberconcrete beams proved the ability of capillary 
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Construction Science _______________________________________________________________________________________________ 2016/18 21 insulation admixture to repair cracks developing during initial bending loading. Nearly double increase of secondary loading bending force is achieved in the case of capillary insulating admixture, comparing to the reference sample.
The effect of densifying concrete micro structure was confirmed by water permeability test. Fiberconcrete compositions with hydro insulating admixture demonstrated up to 75 % reduction of water penetration depth, comparing to the reference composition.
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